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Summary
Objective: To analyse the repair of lesions of articular cartilage with periosteum-free implants and follow-up at 6 months.
Design: Thirty-six New Zealand rabbits, 4–6 weeks old, were used. Full-thickness articular cartilage defects in the medial femoral condyle
were created. Spontaneous evolution occurred in 18 animals; the other 18 animals were treated with a free autogenous periosteal tibial
implant fixed with Tissucol®. Animals were killed in groups of six at 8, 12 and 24 weeks. Macroscopic, histologic and histochemical results
were evaluated and analysed statistically using the Mann-Whitney U-test.
Results: The spontaneous evolution of the lesion did not lead to complete repair in any case. The periosteum-free implant provided complete
repair of the lesion and statistically significant restoration of the articular surface.
Conclusions: In the rabbit, this study confirms the incomplete spontaneous repair of articular cartilage and the chondrogenic potential of tibial
periosteum-free implants, with long-term maintenance of the macroscopic, histologic and histochemical characteristics of neo-cartilage.
This raises the possibility of its use as an alternative method in the repair of circumscribed osteochondral lesions in young patients.
© 2000 OsteoArthritis Research Society International
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Articular cartilage is avascular tissue and partial-thickness
defects of cartilage thus have poor reparative capacity
since tissue response with formation of a fibrin clot is
absent. Slight mitotic activity may be seen around the
edges of an injured cartilage area, but this activity is not
strong enough to produce a repair. However, if the defect
penetrates deeper into the well vascularized subchondral
bone, this tissue repair process becomes possible and
lesions have a certain healing potential. Small defects
could heal with fibrocartilage tissue emanating from the
subchondral space, but in larger defects healing by such a
process is much more unpredictable.1
Repeated minor trauma, as well as overt injury of the
articular cartilage, can cause osteoarthritis. When OA is
severe, the usual treatment is replacement of the arthritic
articular surface with an artificial prosthesis. Total articular
replacement is most commonly performed in people over
60 years of age. Treatment of younger patients (under the
age of 50) is more troublesome, because the prostheses
have a limited lifetime.
Many techniques have been developed to repair
cartilage defects,2 using a variety of biological materials
such as osteochondral allografts,3 cryopreserved osteo-
chondral grafts,4 meniscal fibrocartilage,5 perichon-
drium,6,7 periosteum,8,9 fetal membranes,10 mesenchymal
cells11 and autologous chondrocyte transplants.12,13351Periosteal transplant is one of the oldest procedures.
Rubak et al.14 produced neochondrogenesis on osteo-
chondral defects. Salter et al.15 emphasized the import-
ant role of continuous passive motion in rehabilitation.
Niedermann et al.,16 among others, described promising
results for this application in the patellofemoral joint, and
some successful clinical cases have been described.17
Periosteal grafts show improved results in the long
term18–20 and for this reason this work analyses the neo-
cartilage formation from periosteum grafts in a weight-
bearing area of the knee joint of rabbits, at follow-up at
six months.Address correspondence to: A. Carranza-Bencano, Santa Clara,
16, 1,D, 41002 Sevilla, Spain. E-mail: acarranz@cica.esMaterial and methods
This study used 36 adolescent New Zealand rabbits, of
both sexes, with an approximate weight of 2000–2600 g.
The rabbits were randomly divided into a control group and
experimental group. The selected experiment area was
the joint surface of the femoral condyles because they are
anatomically similar to those of humans, are the most
suitable size, provide easy surgical access and are
subjected to considerable load-bearing forces.
General anaesthesia was induced by intravenous thio-
pental (15 mg/kg) and maintained on 1% halothane, 6%
nitrous oxide and 39% oxygen.
The surgical procedure consisted of removal of an area
of 4 mm of the articular cartilage from the medial femoral
condyle, in the posterior weight-bearing area. Specially
designed surgical instruments were used to remove all the
articular cartilage and 1–2 mm of the underlying subchon-
dral bone. This was the only intervention in the control
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Scoring system for gross appearance
Feature Points
Knee
Morphology
Normal appearance 2
Mild alterations 1
Severe alterations 0
Functionality
Normal mobility 2
Mobility between 50–100% 1
Mobility below 50% 0
Intrajoint adherence
Absent 2
Minimal (fine, loose fibrous tissue) 1
Major (thick, dense fibrous tissue) 0
Condyle
Morphology
Normal appearance 2
Osteophytes present 1
Considerable alteration 0
Articular surface
Complete restoration 2
Partial restoration 1
No restoration 0
Ulceration
Unidentifiable 2
Erosion only at defect 1
Erosion extended to healthy cartilage 0
Neo-formation
Translucent 2
Opaque 1
Discoloured and irregular 0
Remaining cartilage
Normal 2
Minimum alterations 1
Degenerative changes 0
Maximum score 16Table II
Scoring system for cartilage evaluation
Feature Points
Characteristics of the neo-formed tissue
Exclusively hyaline cartilage 3
Mainly hyaline cartilage 2
Fibrocartilage 1
Fibrous tissue or bone 0
Cellularity of the neo-formed tissue
Normal 3
Slight hypo-cellularity 2
Moderate hypo-cellularity 1
Severe hypo-cellularity 0
Chondrocyte clustering
None 3
Less than 25% of cells 2
Between 25–100% of cells 1
No cartilage present 0
Regularity of the joint surface of the regenerate
Smooth and intact 3
Fissuring and superficial fibrillation 2
Fissuring 25–100% of the thickness 1
Complete disruption 0
Structural integrity of the regenerate
Normal 3
Slight disruption 2
Moderate disruption 1
Severe disintegration 0
Thickness of the neo-formed tissue
Same as remaining cartilage 3
Greater thickness 2
Smaller thickness 1
Absence of cartilage 0
Bonding with the adjacent cartilage
Complete on both edges 3
Complete on one edge 2
Partial on both edges 1
Without continuity on either edge 0
Endochondral ossification
Not exceeding the limit ‘tidemark’ 3
Surpassing the limit 2
Not present 1
Absence of cartilage 0
Cellularity in remaining cartilage
Normal, no clusters, normal staining 3
Normal, some clusters, moderate staining 2
Moderate hypo-cellularity, slight staining 1
Severe hypo-cellularity, poor or no staining 0
Staining with safranin-O
Normal 3
Moderate 2
Reduced 1
Absent 0
Organelle activity
Normal activity 3
Reduced activity 2
Organelle hypertrophy 1
Organelle hyperplasia 0
Staining with safranin-O at electron microscopic
Normal staining, multi-branched structure 3
Moderate staining 2
Great decrease staining 1
Absence of stain, structural alteration 0
Maximum score 36group (18 rabbits), whereas in the experimental group (18
rabbits), the defect was covered with periosteal-free grafts
harvested from the medial aspect of the proximal portion of
the tibia. The periosteal free graft was placed in the defect
so that its cambium layer was facing up into the joint, and
was secured to the base of the defect with fibrin glue.
During the post-operative period the limb was immobil-
ized with a plaster cast to maintain the knee in a flexion of
30°, thus allowing the animals to move freely within the
cages. The plaster cast was removed 1 week after the
surgery and the animals were killed in groups of 12, six
from the control group and six from the experimental group,
by administration of an overdose of thiopental at intervals of
8, 12 and 24 weeks. The operated knee joint was then
excised, carefully cleaned of all neighbouring tissues, sub-
jected to a macroscopic study and the internal femoral
condyle was cut into fine slices for histological examination.
The specimens were fixed in 10% formaldehyde, decal-
cified in nitric acid and processed in paraffin, to obtain
sections of 4–5  for staining with hematoxylin-eosin. The
study was completed with histochemical procedures using
a safranin-O stain for observation under optical and elec-
tron microscopy. The processing of these samples included
fixing them in glutaraldehyde 2% buffered with a solution of
sodium phosphate 0.1 m and safranin-O at 0.1%. After
rinsing in a phosphate buffer solution (containing sac-
charose 0.2 m and safranin-O at 0.05%), a further fixing
was carried out in osmium at 2% with sodium phosphate0.1 m and safranin-O at 0.025%. All the preparations
were enclosed in Spurr resin and sliced using an ultra-
microtome.
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Scores on the grading scale for gross appearance evaluation of the control and experimental groups 8, 12 and
24 weeks post-surgery
Control Experimental
8 weeks 12 weeks 24 weeks 8 weeks 12 weeks 24 weeks
Knee
Morphology 9 8 6 9 11 12
Functionality 12 10 12 12 12 12
Intraarticular adherence 9 10 12 9 12 12
Condyle
Morphology 12 10 9 11 11 11
Articular surface 3 4 5 10 11 12
Ulceration 2 1 2 9 11 12
Neo-formation 0 2 2 5 6 12
Remaining cartilage 9 10 0 12 12 10
Total sum of scores 101 113 113 212 254 298
Mean score 16.83 18.83 19.83 35.33 42.33 49.66Fig. 1. Macroscopic appearance of the control condyles at 8 weeks (a) and 24 weeks (b).Fig. 2. Macroscopic appearance of the experimental condyles at 8 weeks (a) and 24 weeks (b).Ten to 20 sections were cut from each block and
numbered from the edge to the centre so that all areas of
the defect could be examined and any error due to
improper sampling minimized.
The sections of each animal were examined indepen-
dently by three investigators without prior knowledge of
the group to which they belonged. Each preparation was
scored on a histological scale, a variation of thatdescribed by Moran et al.,9 O’Driscoll et al.21 and
Mankin.22 This table assigned a specific score to each
parameter analysed in such a way that the best results
would correspond to the highest score, which would be
correspondingly lower with deterioration of the results
(Tables I and II). The numerical data obtained were
submitted to statistic analysis by the application of the
Mann–Whitney U-test to compare the mean scores for the
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(8, 12 and 24 weeks).ResultsMACROSCOPIC STUDY
In the control group (Table III), in all cases the function of
the knee was normal at 8 weeks, with a range of mobility
similar to the healthy knee. The appearance of the con-
dyles was normal with slight thickening in the injured area,
but all showed a clearly visible chondral ulcer partially
occupied by whitish tissue. In certain areas this covered the
original cartilage, which appeared completely normal or
had minimal signs of degeneration [Fig. 1(a)].
Two cases of the control animals killed at 12 weeks
showed serious morphological and functional disturbance
due to the presence of external luxation of the patella,
whereas all the other knees presented normal morphology
and function. There was slight thickening in the femoral
condyles, with osteophytes in two cases, with the lesion
occupied by whitish tissue below the level of the rest of the
condyle.
At 24 weeks, the morphology and function of the knee
was normal in all the controls. The appearance of the
condyles was normal in three cases, while the other three
presented an osteophytic reaction. Although it was more
severe in the internal femoral condyle, it also affected
almost all the knee. The surface was irregular and dull
and extended widely, beyond the original limit of the lesion,
with clear signs of degeneration in the remaining cartilage
[Fig. 1(b)].
In the experimental group (Table III), none of the animals
killed at 8 weeks presented any disturbances of the joint
mobility. With one exception, the condyles at the lesion site
presented a convex surface regularly occupied by bright
and opaque white tissue, without any signs of degeneration
in the remaining cartilage [Fig. 2(a)].
In the experimental animals killed at 12 weeks, only one
showed a slight morphological disturbance, with mild swell-
ing of the joint but without intraarticular fibrosis or any
functional deterioration. None of the condyles presented a
morphological alteration, except one case that for assess-
ment was considered as similar to osteophytosis. In all
cases, the surface was regular with the injured zoneoccupied by a convex semi-transparent tissue of similar
appearance to joint cartilage. One case presented slight
ulceration in the area of the lesion.
In all the animals of the experimental group killed at 24
weeks, the morphology and functionality of the knee was
absolutely normal, without any evidence of intra-articular
fibrosis. Osteophytic reaction of the medial condyle was
only appreciated in one case, without global affectation of
the rest of the distal part of the femur. The surface was
regular, with the zone of the lesion at the same level as the
rest of the condyle, with practically the same coloration,
being difficult to distinguish the edges from the ulcer. There
were no degenerative alterations in the remaining cartilage,
except in two cases that showed minimal irregularity of the
surface with loss of transparency [Fig. 2(b)].Table IV
Scores on the grading scale for cartilage evaluation of the control and experimental groups 8, 12 and 24 weeks post-surgery
Control Experimental
8 weeks 12 weeks 24 weeks 8 weeks 12 weeks 24 weeks
Characteristics of the neo-formed tissue 0 3 4 11 15 18
Cellularity of the neo-formed tissue 9 3 9 9 14 18
Chondrocyte clustering 0 0 2 7 14 17
Regularity of the joint surface 3 3 5 15 17 17
Structural integrity of the regenerate 0 8 6 12 14 18
Thickness of the neo-formed tissue 0 0 2 11 15 17
Bonding with the adjacent cartilage 7 9 9 14 18 18
Endochondral ossification 0 0 2 16 18 18
Cellularity in remaining cartilage 14 14 10 16 16 16
Staining with safranin-O 0 3 2 8 9 16
Organelle activity 12 12 12 7 9 16
Staining with safranin-O at electron microscopic 0 3 2 9 9 16
Total sum of scores 45 58 65 135 168 205
Mean score 7.50 9.66 10.83 22.50 28.00 34.16MICROSCOPIC STUDY
At 8 weeks, the animals belonging to the control group
(Table IV) presented the ulcer filled by fibrous tissue. In
some areas this was depressed below the level of the
original cartilage and in other areas it surpassed it in the
form of a tongue, with poor coaption [Fig. 3(a)].
At 12 weeks the lesion was occupied by bone tissue and
a fine depressed layer of fibrous or fibrocartilaginous tis-
sue, with an irregular surface, poor coaption with the
original cartilage, but with areas of hyaline cartilage, not
predominant, and considerable osteoblastic activity in the
bone tabeculae.
At 24 weeks the lesion was occupied by fibro-
cartilaginous tissue, the surface was irregular, with deep
penetrating mamelons and hyaline cartilage areas, and
partial continuity with the remaining cartilage [Fig. 3(b)].
The safranin-O stain presented severe reduction, without
pericellular but with intracellular staining [Fig. 3(c)]. The
electron microscopy revealed fibrous tissue without
safranin-O stain, and areas of fibrocartilaginous differentia-
tion consisting of cells with an irregular appearance, inden-
tations and pseudopodia formations. The cell organelles,
whose state indicates the degree of metabolic activity of the
cells, were reduced [Fig. 3(d)].
In the experimental group (Table IV) at 8 weeks the
lesion was filled by a mass of predominantly cartilaginous
tissue, with good coaption with the original cartilage. This
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356 A. Carranza-Bencano et al.: Neochondrogenesis in repair of full-thickness articular cartilage defectscartilaginous mass was much wider than the original carti-
lage, with a regular joint, and grew deeply like a mamelon,
giving rise to endochondral ossification [Fig. 4(a)].
At 12 weeks the lesion was almost exclusively occupied
by hyaline cartilage of greater thickness than the original
cartilage, but was smaller in width than in the previous
group of 8 weeks. It showed good coaption with the original
cartilage.
At 24 weeks the lesion was exclusively occupied by
hyaline cartilage, with good coaption with the original
cartilage and of practically the same thickness, with a
regular joint surface and good column alignment of the
chondrocytes, without chondrocyte clustering, just like
mature cartilage [Fig. 4(b)]. The stain with safranin-O was
normal around the cell membrane as well as at the matrix
[Fig. 4(c)]. The electron microscopy revealed cartilaginous
tissue, with rounded cells, with a regular surface, rounded
or oval nuclei, with one or more nucleoli and a well
differentiated cytoplasm. There was considerable activity of
organelles and intense staining of proteoglycans in the
form of a halo around the cell membrane and at a level
of the matrix, in the form of dense material with a
multi-branched structure [Fig. 4(d)].STATISTICAL ANALYSIS
Significant differences (P<0.05) were found between
the control and experimental groups when analysing the
macroscopic appearance of the femoral condyles and in
the histological, histochemical and ultra-structural results
(Table V).Table V
Mean total score for each group
Mean S.D. S
Control 8 weeks 16.8333 3.7103
P<0.05
Experimental 8 weeks 35.6667 8.3347
Control 12 weeks 18.8333 6.9690
P<0.05
Experimental 12 weeks 42.3333 2.9439
Control 24 weeks 19.8333 6.2102
P<0.05
Experimental 24 weeks 49.6667 1.6330Discussion
This study forms part of a line of research6,23–25 that
intends to study the chondrogenic capacity of various
biological tissues. It includes studies of the capacity of
spontaneous regeneration of major full-thickness lesions
of the joint cartilage of the medial femoral condyle in a
weight-bearing area and the formation of neohyaline
cartilage from periosteum-free tibial grafts.
Coinciding with other studies, our experimental work has
highlighted the limited repair capacity of major full-
thickness lesions to joint hyaline cartilage in such a way
that at 8, 12 and 24 weeks of evolution, the full-thickness
defects of the control group were partially filled with fibrous
and fibrocartilaginous tissue, with very few areas of hyaline
cartilage.14,26–28
The regeneration obtained in the experimental group
mainly or exclusively consisted of hyaline cartilage andthese characteristics were maintained and even improved
as the follow-up time increased.
The origin of the neochondrogenesis seems mainly to
proceed from the periosteal-free graft, and presumably
from the undifferentiated cells in its cambium layer,29 given
the scarce chondrogenic capacity of the ungrafted defects.
The size of the lesion, its location in a weight-bearing
area and the use of a fibrin glue for bonding the preparation
are all factors that we consider determine the results
obtained in this study and differentiate them from similar
studies. The lesion, with a diameter of 4 mm, excludes the
possible beneficial influence on spontaneous repair of a
full-thickness, but small sized, lesion. The location, in a
weight bearing area, differentiates this study from other
projects with similar characteristics for the type of lesion
and study period, but with a location in a nonweight-
bearing zone.19–20 The short post-operative immobilization
permitted the expression of the beneficial effect of joint
mobility and free loading on joint cartilage.15 The use of a
fibrin glue30 has made it possible to establish good initial
bonding with an extremely low incidence of graft detach-
ment which, in some studies, is as high as 40%.31 Further-
more, the hemostatic action prevents the appearance of
hematomas under the graft and the negative effect that this
has on the quality of the granulation tissue.32
As in previous studies,6,9,14,19,21,23,24,33–36 we have
demonstrated that the capacity of periosteal-free grafts to
produce hyaline cartilage enables them to be used to
restore lesions of the joint surface. However, one important
question that still remains unanswered is the permanence
of this neocartilage.
O’Driscoll et al.19 with periosteal grafts in broad,
5×10 mm, defects in the patellar groove of the femur and in
a nonweight-bearing area, had good results in only 66.3%
of cases after 1 year because of the incidence of periosteal
calcification.
Angerman et al.18 evaluated 14 consecutive periosteal
transplantations to treat osteochondritis dissecans of the
femoral condyle. One year post-operatively, nine knees
were pain-free, but with 6–9 years follow-up, only two
knees were pain-free. In 10 patients the tissue formed in
the defects was not, or probably not, hyaline cartilage. Six
knees had development arthrosis.
Lorentzon et al.17 evaluated 26 consecutive periosteal
transplants (without any chondrocytes) to treat isolated
full-thickness cartilage defects of the patella. In a mean
follow-up of 42 months (range 24–76 months), 22 patients
(85%) had returned to their previous occupations. Biopsies
taken in five randomly selected cases showed hyaline-like
cartilage.
In this experimental work with a follow-up period of
6 months, we have shown that it is possible to repair major
full-thickness osteochondral defects in load-bearing areas
of the knee of rabbit through neochondrogenesis from
periosteal-free grafts. Macroscopic, histological, histo-
chemical and ultra-structural examination seems to indi-
cate that the neo-formed tissue is hyaline-like cartilage.
The six month follow-up did not show any deterioration of
the quality of the regenerate, but it did seem to adjust to the
same thickness as the original cartilage through replacing
its base by endochondral ossification.
In view of the results obtained in this research animal,
and the benignity and low cost of the method, we suggest
its consideration as a possible therapeutic alternative for
patients affected by local arthrosis and areas of osteo-
chondritis of the femoral condyle.
Osteoarthritis and Cartilage Vol. 8, No. 5 357References
1. Meachin C, Roberts C. Repair of the joint surface from
sub-articular tissue in rabbit knee. J Anat 1971;
109:317–27.
2. Hunziker EB. Articular cartilage repair: are the intrinsic
biological constraints undermining this process
insuperable? Osteoarthritis Cart 1999;7(1):15–28.
3. Flynn JM, Springfield DS, Mankin HJ. Osteoarticular
allografts to treat distal femoral osteonecrosis. Clin
Orthop 1994;303:38–43.
4. Tomford WW, Springfield DS, Mankin HJ. Fresh and
frozen articular cartilage allografts. Orthopedics
1992;15:1183–8.
5. Heatley FW, Revell WJ. The use of meniscal fibro-
cartilage as a surface arthroplasty to effect the repair
of osteochondral defects: an experimental study.
Biomaterials 1985;6:161–8.
6. Ballesteros Vazquez P, Carranza Bencano A, Armas
Padro´n JR, Saenz Lopez de Rueda F. Reparacio´n
del cartı´lago articular con injerto libre de pericondrio:
estudio experimental. Rev Esp Cir Osteoart 1994;
29:57–65.
7. Coutts RD, Woo SL, Amiel D, von Schroeder HP, Kwan
MK. Rib perichondrial autografts in full-thickness
articular cartilage defects in rabbits. Clin Orthop
1992;275:263–73.
8. Hoikka VEJ, Jaroma HJ, Ritsila VA. Reconstruction of
the patellar articulation with periosteal graft. Four-
year follow-up of 13 cases. Actha Orthop Scand
1990;61:36–9.
9. Moran ME, Kim HK, Salter RB. Biological resurfacing
of full-thickness defects in patellar articular cartilage
of the rabbit. Investigation of autogenous periosteal
grafts subjected to continuous passive motion.
J Bone Joint Surg 1992;74-B:659–67.
10. Krishnan R, Chen ZP. Biological resurfacing arthro-
plasty using fetal membranes: an experimental study
in rabbits. Orthopaedics Int 1994;2:285–95.
11. Wakitania S, Goto T, Pineda SJ, Young RG, Mansour
JM, Caplan AI, et al. Mesenchymal cell-based repair
of large full-thickness defects of articular cartilage.
J Bone Joint Surg 1994;76-A:579–92.
12. Brittberg M, Lindahl A, Nilsson A, Ohlsson C, Isaksson
O, Peterson L. Treatment of deep cartilage defects
in the knee with autologous chondrocyte transplan-
tation. New England J Med 1994;331:889–95.
13. Moskalewski S. Transplantation of isolated chondro-
cytes. Clin Orthop 1991;272:16–20.
14. Rubak JM, Poussa M, Ritsila V. Chondrogenesis in
repair of articular cartilage defects by free periosteal
grafts in rabbits. Acta Orthop Scand 1982;53:181–6.
15. Salter RB, Simmons DF, Malcom BW, Rumble EJ,
McMichael D, Clements ND. The biological effects of
continuous passive motion on the healing of full
thickness defects in articular cartilage. J Bone Joint
Surg 1980;62-A:1232–51.
16. Niedermann B, Boe S, Lauritzen J, Rubak JM. Glued
periosteal grafts in the knee. Acta Orthop Scand
1985;56:457–60.
17. Lorentzon R, Alfredson H, Hildingsson C. Treatment of
deep cartilage defects of the patella with periosteal
transplantation. Knee Surg Sports Traumatol
Arthrosc 1998;6(4):202–8.
18. Angerman P, Riegels-Nielsen P, Pedersen H. Osteo-
chondritis dissecans of the femoral condyle treated
with periosteal transplantation. Poor outcome in 14patients followed for 6–9 years. Acta Orthop Scand
1998;69(6):595–7.
19. O’Driscoll SW, Keeley FW, Salter RB. Durability of
regenerated articular cartilage produced by free
autogenous periosteal grafts in major full-thickness
defects in joint surfaces under the influence of con-
tinuous passive motion. A follow-up report at one
year. J Bone Joint Surg 1988;70-A:595–606.
20. Salter RB, Minster RP, Clements N, Bogoch E, Bell
RS. Continuous passive motion and the repair of
full-thickness articular cartilage defects. A one year
follow-up. Orthop Trans 1982;6:266–7.
21. O’Driscoll SW, Keeley FW, Salter RB. The chondro-
genic potential of free autogenous periosteal graft for
biological resurfacing of major full-thickness defects
in joint surfaces under the influence of continuous
motion. An experimental investigation in rabbit.
J Bone Joint Surg 1986;68-A:1017–35.
22. Mankin HJ. Localization of tritiated thymidine in articu-
lar cartilage of rabbits (III). Repair mature articular
cartilage. J Bone Joint Surg 1963;45-A:529–40.
23. Carranza Bencano A, Armas Padro´n JR, Jimenez
Fernandez A, Ballesteros Vazquez P, Flores Gallego
FJ. Capacidad condroge´nica de injertos libres de
periostio y pericondrio e injertos pediculados de
sinovial. Estudio experimental en conejos. Rev S
Traum Ortop 1989;9:19–25.
24. Pere´z-Tinao Gomez de Salazar M, Carranza Bencano
A, Armas Padro´n JR. Capacidad condroge´nica
de injertos libres de periostio en la reparacio´n
de defectos del cartı´lago articular: estudio exper-
imental en conejos. Rev Esp Cir Osteoart 1996;31:5–
13.
25. Carranza-Bencano A, Perez-Tinao M, Ballesteros-
Vazquez P, Armas-Padron JR, Hevia-Alonso A,
Martos-Crespo F. Comparative study of the recon-
struction of articular cartilage defects with free costal
perichondrial grafts and free tibial periosteal grafts:
an experimental study on rabbits. Calcif Tissue Int
1999;65:402–7.
26. Engkvist O. Reconstruction of patellar articular
cartilage with free autologous perichondrial grafts.
Scand J Plast Reconstr Surg 1979;13:361–9.
27. Furukawa T, Eyre DR, Koide S, Glimcher MJ. Bio-
chemical studies on repair cartilage resurfacing
experimental defects in the rabbit knee. J Bone Joint
Surg 1980;62-A:79–89.
28. Rubak JM. Reconstruction of articular cartilage defects
with free periosteal grafts. An experimental study.
Acta Orthop Scand 1982;53:175–80.
29. Zarnett R, Salter RB. Periosteal neo-chondrogenesis
for biologically resurfacing joints: its cellular origin.
Can J Surg 1989;32(3):171–4.
30. Orr TE, Patel AM, Wong B, Hatzigiannis GP, Minas T,
Spector M. Attachment of periosteal grafts to articular
cartilage with fibrin sealant. J Biomed Mater Res
1999;44(3):308–13.
31. Heikki JJ, Ritsila¨ VA. Reconstruction of patellar carti-
lage defects with free periosteal grafts: an exper-
imental study. Scand J Plast Reconstr Surg
1987;21:175–81.
32. Meyers MH, Herron M. A fibrin adhesive seal for the
repair of osteochondral fracture fragments. Clin
Orthop 1984;182:258–63.
33. Delaney JP, O’Driscoll SW, Salter RB. Neo-
chondrogenesis in free intra-articular periosteal
358 A. Carranza-Bencano et al.: Neochondrogenesis in repair of full-thickness articular cartilage defectsautograft in an immobilised and paralysed limb. An
experimental investigation in the rabbit. Clin Orthop
1989;248:278–81.
34. Jaroma HJ, Ritsila VA. Reconstruction of patellar
cartilage defects with free periosteal grafts. Scand
J Plast Reconst Surg 1987;21:175–81.
35. Mitchell N, Shepard NC. The resurfacing of adult rabbit
articular cartilage by multiple perforation through thesubchondral bone. J Bone Joint Surg 1976;58-A:
230–3.
36. O’Driscoll SW, Salter RB. The repair of major osteo-
chondral defects in joint surfaces by neo-
chondrogenesis with autogenous osteoperiosteal
graft stimulated by continuous passive motion. An
experimental investigation in the rabbit. Clin Orthop
1986;208:131–40.
